Four hundred and sixty-six people were buried at Kambara Village of Province Kozuke (old name of Gunma Pref.), Japan, under the glowing avalanche of volcanic debris due to the violent eruption of Mt. Asama in 1783 (the 3rd year of Temmei), which was followed by the so-called "big famine of Temmei" in the eastern half of this country. Well known were those two ladies buried alive under the flow of volcanic debris at the foot of the stone stairs to Kannon-do temple on a hill at the back of the village who were found in 1979. The present paper is a record of another man also killed by the flow of volcanic debris there. Suffering from chronic osteoarthritis in his left elbow, he was working for Emmyoji Temple at Kambara in those days and killed by the debris flow without warning. His skeleton was excavated at the ruins of this old temple in 1987. He was lying on the right half of his face as well as on his belly with the left arm and right leg extended but the right arm and left leg flexed. His right humerus, radius and ulna were fractured together in their shafts at a blow of a rushing stone in the debris. The findings indicated that a sudden attack of the flow of pyroclastic debris at low temperatures was the death of him. He was placed third among the human victims of the 1783 volcanic activity of Mt. Asama whose skeletons were preserved well and examined in details.
Introduction
A human skeleton was excavated at Kambara of Tsumagoi Village, Agatsuma County, Gunma Prefecture, Japan, in 1987 under the direction of Mr. Eiji MATSUSHIMA, a leading archaeologist in this region. The author went to Kambara and examined the skeleton carefully. The skeleton was of an adult Japanese male who was killed by the flow of volcanic debris at a low temperature due to the violent eruption of Mt. Asama in 1783 (the 3rd year of Temmei), which was followed by the so-called "big famine of Temmei" in the eastern half of this country (Temmei is one of imperial era names in Japan, covering from 1781 to 1789).
The present paper is a record of observations on the skeleton of the victim of the volcanic activity of Mt. Asama in 1783 which was unearthed there in 1987.
Background
Old Kambara in the Edo period was a small village situated in the northern skirts of Mt. Asama (2, 542m) , being about 900m above sea level and horizontally 12km apart from the crater. The village developed as a relay station near the crossing of two main roads: one was Mihara road connecting Kutsukake post-station town (old name of Naka-Karuizawa) along the Nakasen-do major road with Kusatsu hot spring resort via Mihara village, and another was OmaeSugao road connecting Takasaki castle town along the Nakasen-do with Ueda castle town along the Hokkoku-kaido major road via both Sugao and Torii mountain passes. On August 5th, 1783, the Kambara village of 93 houses was unexpectedly crushed under the glowing avalanche of volcanic debris due to the gigantic explosion of Mt. Asama. The destruction was instantaneous and so devastating that 466 out of its 597 inhabitants (78.1 %) as well as 170 out of 200 horses (85.0%) were killed. Reportedly only 93 persons running away onto a hill at the back of the village, where a Kannon-do (Buddhist temple for the Goddess of Mercy) was built, were spared. This gigantic eruption, called "Asama burning
of Temmei", began with a moderate eruption on May 9th, 1783. The second eruption occurred in June, the third and the fourth in July at brief irregular intervals. Mt. Asama went into the fifth violent eruption during three days from August 2nd to 4th. In this case, the volcano exploded and magma flowed out of the central vent, making a pyroclastic flow called "Agatsuma Flow" on its northeastern flanks. The following eruption in question occurred on August 5th, sending a vast flow of pyroclastic materials called "Kambara Flow" , which destroyed and covered the Kambara village completely on the northern skirts of the volcano and reached Agatsuma river 15km distant from the crater. Finally the volcano ceased eruption after sending a sticky lava flow called "Oni-Oshidashi" streaming down its upper northern flanks.
The glowing avalanches of volcanic debris rolled into the Agatsuma river and made a mixture of water and volcanic debris that rushed far down the valley, and was overwhelming all in its path. The mudflows and accompanying floods raced down the valleys of both Agatsuma and Tone river channels, and killed 1,624 or more people. Many human bodies were carried away by a long and strong stream of the Tone river and drifted ashore to Maebashi castle town (present-day seat of the Gunma prefectural government), and farther to Edo City (Edo is the old name of Tokyo). The citizen of Edo in those days built stone monuments to mourn the victims who went downstream to this great city in summer of 1783, such as seen at Buddhist temples of Zen-yo-ji in Edogawa-ku and ShibamataTaishakuten in Katsushika-ku, Tokyo, at the present time.
The houses and people buried under the flow or glowing avalanche of volcanic debris at Kambara have been recently excavated archaeologically since the August of 1979, and a dire disaster of this relay station and a rebuilding of the village after the tragedy are now widespread by such popular references as written by KOIZUMI (1986) , ODA (1988) and OISHI (1986 OISHI ( , 1990 .
As for the skeletal remains of the human victims, five have been discovered. Skeletons of an adult and a child were found by chance at Toka-no-Kubo of Kambara in March of 1976.
They were considered to be of the victims of the flow of volcanic debris due to the explosive erup-tion of Mt. Asama in 1783. The skeletons were, without any scientific examinations, reverently reburied at Kambara after inspection by policemen. Another adult skeleton was discovered during excavations by the members of the abovementioned research group at the same Toka-noKubo in summer of 1979. This skeleton was, however, so badly preserved that neither age nor sex was known. Well known were two other skeletons found also by the same research group members, which fell in a heap at the foot of the stone stairs to Kannon-do temple on a small hill at the back of the village of Kambara. They were regarded as the skeletons of an old and a mature ladies by Prof. Ken FURUKAWA of the Department of Forensic Medicine, Gunma University, Maebashi. ASAHI-SHIMBUN-SHA (1987) reported in the Weekly Asahi Encyclopedia that a motherdaughter relation between the two lady skeletons discovered was morphologically established by Prof. emeritus Hisashi SUZUKI of the Department of Anthropology, University of Tokyo, who restored their faces and heads to the original state based on their cranial forms. It seemed that the daughter was beginning to run up the stone stairs to the Kannon-do on the hill to escape from the avalanche of volcanic debris, probably carrying her old mother on her back. They were, however, unfortunately killed by the flow of debris moving down the volcanic slopes at speeds exceeding 40km an hour at the foot of the stairs of 50 steps, in striking contrast with some people alive on the upper 15 steps which were not damaged at all by the volcanic debris.
Discovery of A New Victim
The skeleton of an adult male in the prime of life was newly discovered in August 9th of 1987 when the ruins of old Emmyoji temple at Kambara was archaeologically excavated by the Board of Education of Tsumagoi Village under the direction of Mr. Eiji MATSUSHIMA. The Emmyoji temple has been believed to be buried under the growing avalanche of volcanic debris due to the gigantic explosion of Mt. Asama in 1783. The skeleton lay beneath the layer of debris flow, about 5.5m under the present-day surface of the earth. Since the skeleton was discovered nearby the northern end of a crushed wooden shed which seemed to be attached to the main building of the old temple, the man must have been killed immediately after running out of the shed. His feet, toward the volcano Asama, were a little more raised than his head. As shown in
Figs. 1 and 2, he was lying on the right half of his face as well as on his belly, with his left arm extended over his head and his right leg extended in a straight line, but his right arm and left leg flexed to the very limits, i. e. assuming a posture as seen at the moment of a left-handed hook shot made on the run in playing basketball. His left hand seemed to get a good grasp of the earth, while his right hand, was forced to turn the palmar surface upward and to point the finger tips to his right foot. Because his right arm was extremely flexed at his elbow joint, his right humerus, radius and ulna were completely fractured together in their shafts probably at a blow of a rushing stone in the debris flow. But this was mere guesswork, since the stone in question could not be found there. Owing to this accident, only the lower fragments of the radius and ulna fractured were secondarily forced to take an excessively pronated position, which was probably due to their deviation or severance from the upper part of the bones fractured under the influence of a local pressure caused by the volcanic debris flow. The ankle and feet of his left leg flexed were brought beneath the pelvis, whereas his right leg extended was slightly abducted at the hip joint, suggesting that the trunk of his body was given a good push by the debris flow on the right side. This agreed with a geological observation that the volcanic debris flow ran not to the northern but to the northwestern direction there. The above findings and situation were sufficient to give an explanation that an adult male working for the temple was killed by the volcanic debris flow due to the 1783 explosive eruption of Mt. Asama without warning. In addition, a small amount of his hairs tied up into a knot were left in poor preservation near the parietal region of his skull. The whole skeleton of the human victim buried deep under the debris flow was in a good state of preservation. This was mainly attributed to the facts that the debris flow which engulfed the Kambara village in 1783 was, according to NAKAMURA et al. (1987) , composed of the volcanic materials at lower temperatures, and that not acid but neutral rain-water sinking into the earth was slowly running between the layer of volcanic debris deposited and the old surface of the grounds of the Emmyoji temple where the skeleton in question was lying.
Immediately after the author's examinations, the skeleton was laid to rest at the cemetery of Kambara mournfully by the present-day villagers who regarded it as of one of their direct ancestors.
Physical Characteristics of the Skeleton
Almost all the bones of the skeleton remained were mostly in a good condition with a wellpreserved internal architecture. The results of measurements and observations were as follows.
(a) The skull Anterior and right lateral views of the skull were given in Figs. 3 and 4 . The skull was relatively large. The lower and anterior part of the frontal squama was markedly sloping. The glabella was prominent, but the root of the nose was deeply set. The zygomatic arches were heavy, the mastoid processes were large, and the external occipital protuberance was developed well. The obtained were given in lingual and buccal sides.
(b) The postcranial bones In the pelvis, the base of the sacrum was relatively narrow, the acetabulum was distant from the symphyseal surface by approximately its own diameter, the greater sciatic notch was J-shaped, and the subpubic angle was relatively acute, similar to the angle between the index and middle fingers when spread. All these revealed that the pelvis belonged to the male sex. The symphyseal surfaces of the pubic bones showed a metamorphosis evaluated in terms of combinations of I-5, II-5 and III-5 at the stages of three components shown by BROTHWELL (1981) . By referring to his table, though based on young American males, the formula could be translated into the modal frequencies of 31, 32 and 38 years. It followed from these three age estimates that the individual was probably aged 34 or more years at death.
In the left humerus, the maximum length was 278mm and the thickness index (the ratio of the minimum diameter to the maximum diameter in the middle of the shaft) was 75.0. The platymeric index of the right femur indicated a hyperplatymeric value of 70.6, whereas the pilastric index of the same bone was 103.6 indicating little pilaster formation. The cnemic index of the right tibia was 62.9, indicative of platycnemic type. The maximum lengths of the right tibia and femur were 316mm and 381mm, respectively. Using the tibial and femoral lengths, the stature of this male individual could be calculated as 152.1 cm by the application of PEARSON's formula.
Bony lipping and spur formation were found at the anterior margins of the 9th and 10th thoracic and the 2nd, 3rd and 4th lumbar vertebral bodies which could be indicative of spondylarthrosis with moderately severe degenerative changes. Fig. 6 exhibits the changes in the thoracic and lumbar vertebrae observed.
The right humerus, radius and ulna were, as mentioned above and shown in Fig. 8 , completely fractured in their shafts together at a violent blow of a rushing stone in the volcanic debris flow. The fracture lines of these long bones were spiral. Because the fracture of the radius was of comminuted type, small lateral fragments of bone on the fracture line had been lost. In the left elbow joint, on the other hand, bony lipping occurred at the margins of the Numeral condyle, radial head and ulnar troclear notch, with a slight roughening of the articular surfaces suggestive of chronic osteoarthritis. Thus the useful range of flexion-extension in the left elbow joint was, as shown in Fig. 7 , about 50 degrees at angles from 60 in its full flexion to 110 degrees in its full extension.
Discussion
Japan is volcanic islands on the west of the Pacific and has many active volcanoes. Ten per cent of the world's active volcanoes are, according to KNAPP (1989) , to be found in Japan. People who live in valleys on the sides of volcanoes are in danger from mudflows. One way to be prepared is to look at past eruptions and learn the lessons that they give. Although volcanic eruptions have killed a large number of people in Japan, little has been known on the human victims buried under a thick layer of volcanic mud or debris flow. As far as the author knows, the sole report of this was originally the abovementioned book written by ASAMA-SANROKU-MAIBOTSU-SONRAKU-SOGO-CHOSA-KAI and TOKYO-SHIMBUN-HENSHUKYOKU-HODOBU in 1979, which gave wider publicity to the skeletons of those who were killed at Kambara by the 1783 explosive eruption of Mt. Asama. Of 466 human victims killed by the volcanic debris flow there, only five skeletons have been discovered. Three of the five were in a poor state of preservation and not subjected to any scientific examinations. Well known are the other skeletons of two ladies who fell down one upon another at the foot of the stone stairs to Kannon-do temple on a hill behind the village. Hence, the human male skeleton from Kambara reported in this paper was placed third among those human victims of the 1783 eruption of Mt. Asama whose skeletons were preserved well and examined in detail.
In 79 A.D., Mt. Vesuvius erupted and buried the nearby town of Pompeii, Italy. This is probably the world's most famous volcanic disaster. Both Reader's Digest's History of Man (1973) and Times Atlas of Archaeology (1988) described that the volcanic ash killed some one-fifth of about 10,000 Pompeii's inhabitants. Choking gas from Vesuvius asphyxiated the inhabitants of Pompeii as they tried to flee the falling ash. The ash hardened round its victims to form a mould, which in modern times has been filled with plaster and drug out of the ash. Many were found lying in cellars or bedrooms where they had taken refuge; others had fallen in the open while seeking to escape over the deep banks of lapilli. What was discovered at Kambara in 1987 was not a plaster model imprinted in the volcanic ash, but the human skeleton itself which was buried deep under the layer of the volcanic debris from Asama in 1783. Since the victim was caught, fractured and killed by the debris flow immediately after his rushing out of the shed attached to Emmyoji temple, it is undoubted that the volcanic debris flow attacked him without any warning and in a matter of seconds, and that he had no chance to react or to escape. The author's view could be endorsed by the victim's skeleton which confusedly assumed a posture as seen at the moment of a left-handed hook shot made on the run in playing basketball. Much the same posture was, according to KOHARA et al. (1971) , adopted reflexly by a human child of three years who was pressed to death by a falling rock separated from the ceiling of Tochibara rock The present-day villagers of Kambara live within sight of Mt. Asama. They are considered to be directly descended from the old villagers of Kambara where large number of the inhabitants were killed by the 1783 volcanic eruption of this volcano. Those who were left there did not want to move away. They stayed at the buried village to have difficulty in rebuilding their homes and lives. Most people who lived in this relay station were fundamentally farmers. They have worked their land on the gentle slopes of the volcano for generations. They have kept the fields of crops and vegetables which they worked so hard to produce. They valued the volcano's advantages more than its risks. The volcanic soils were fertile, while springs from the mountain supplied irrigation water. The Kambara villagers at modern times hope that an eruption of Mt. Asama will not happen in their lifetime, but there is always a risk that they may die as a result of an explosive eruption. The main problem facing the villagers is how to catch an effective warning and how to make good their escape when danger threatens. How can they avoid the dangers? Knowing what might happen in the case of an eruption of Mt. Asama, making plans to themselves and their homes may help to cut down the risks. The present study has cleared up the actual situation of one of the human victims who were killed by the failure in their escape from the avalanche of volcanic debris caused by the violent eruption of Mt. Asama in 1783. It is to be hoped that this paper will be of help towards a way to avert a disaster from the future eruption of the volcano.
